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Abstract 
China's economy has been on a solid fast growth track since 1978. The economy expanded by an average annual rate of about 
10% during the last thirty years. That is more than triple the average growth rate of the world economy during the same period.
The rapid economic development has been associated with growing energy consumption and carbon dioxide (CO2) emission. 
Although the first phase of the Kyoto Protocol exempts China from reducing its own CO2 output, China, as the first or second 
largest CO2 emission country, is facing growing international political pressure. As a responsible big country, China will almost 
certainly have to respond to climate change in the future. China is entering unexpected fast development period of the 
industrialization, urbanization and motorization, in which large-scale new infrastructures will be built. This provides great 
opportunity to plan for longer-term CO2 mitigation—the infrastructures built today have a long life time and are not easy to 
upgrade the technologies involved, and decisions made now will have a major impact on energy utilization mode and CO2
mitigation technology option in coming years. Carbon Capture and Storage (CCS), as an option in the portfolio of mitigation 
actions to combat climate change, is expected to have far-reaching implications for China. This paper (1) explores the strategic
significance of CCS for China by making an extreme scenario analysis of Chinese power sector in 2030; (2) provides an 
overview of the recent CCS activities in China; and (3) identifies the major challenges with respect to CCS development in China
and put forwards immediate strategies. 
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1. Introduction 
The year 2008 is the 30th anniversary of China’s reform and opening up. Thirty years ago, marked by the Third 
Plenum of the 11th Central Committee of the Communist Party of China (CPC), China entered a new historical 
period of reform and opening up. China’s robust and soaring economy is the most remarkable achievement in the 
new period of reform and opening up. In 2007, China's total GDP amounted to RMB 24.66 trillion (3.43 trillion U.S. 
dollars), 67.7 times that of 1978, with an average annual growth of nearly 10%, much higher than the same period of 
the world's average of around 3% growth rate [1].   
Together with strong economic growth, China’s energy consumption and CO2 emission are surging rapidly. The 
forecast for China's CO2 emission remains strong through 2030 [2]. Thus CO2 mitigation becomes an important task 
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for China’s future development. This paper explores the strategic significance of Carbon Capture and Storage (CCS) 
for China, provides an overview of the CCS activities in China, identifies the major challenges for China to develop 
CCS, and puts forward immediate strategies.  
2. CCS: strategic option for China’s carbon – constrained future 
2.1. Tackling coal is the critical task for China  
China’s unprecedented economic growth has led to a rapid increase in coal demand, and the majority of the 
increase is for power generation [3]. In this paper, an Extreme Scenario Approach (Appendix A gives more 
information) has been adopted to produce “High” and “Low” Scenarios for Chinese power-sector energy 
consumption and CO2 emissions mainly from coal use without CCS. The High Scenario (Reference Scenario) 
assumes that all incremental electricity is satisfied by coal power plants from 2007 to 2030, maintaining Standard 
Coal Equivalent (SCE) Consumption for Power Generation unchanged. This scenario is intended to provide a 
baseline vision of how Chinese power-sector energy consumption and CO2 emissions are likely to evolve if China 
does nothing more to affect underlying trends in power-sector energy consumption and CO2 emissions. Low 
Scenario is obtained by allowing incremental non-coal contributions in this sector (hydro, nuclear, renewables, 
natural gas) plus coal-electric generation efficiency improvements, over this period, to have their highest plausible 
values. It is intended to demonstrate the upper limit (corresponding to High Scenario) and lower limit 
(corresponding to Low Scenario) of Chinese power-sector coal consumption and CO2 emissions in the absence of 
CCS in 2030, instead of an exhaustive analysis of Chinese power sector.   
Figure 1 shows the results of Extreme Scenario Analysis stated above. Coal will remain the leading fuel for power 
generation, accounting for 1.3 billion tonne of coal equivalent (tce)—lower limit—in 2030. Coal use is therefore a 
big driving force for projected Chinese CO2 emissions through 2030. Even if China meets the maximum possible 
renewable energy expansion targets, efficiency improvements, and gas power targets, more than 50% of power 
capacity in 2030 will come from coal, and coal will contribute most to China’s CO2 emissions in the power sector. 
Fig.1. Upper and lower limits of Chinese power-sector coal consumption and CO2 emissions in 2030. 
2.2. CCS should be part of the strategy of China 
Coal in its current form is environmentally unacceptable, but coal is indispensable and inevitable for China’s 
development. As it becomes the world's leading CO2 emitter, China seems certain to come under strong 
international pressure to curb its reliance on its vast, cheap coal reserves. But as stated above, efficiency 
improvements and renewables alone cannot reduce the scale and pace of CO2 emission growth in China in the future. 
This requires China to explore cleaner and more efficient technologies to tackle coal.  In this endeavour it is 
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expected that emerging CCS technology will become part of the solution. 
CCS, as a low-carbon solution, is considered as an option to combat global warming together with the utilization 
of renewables and energy efficiency. The International Energy Agency (IEA) estimates that CCS in conjunction 
with coal-fired power generation can account for 20% of our global mitigation efforts by 2050, while the 
Intergovernmental Panel on Climate Change (IPCC) estimates CCS could contributes 15%–55% of mitigation 
efforts by 2100 [4]. As World Energy Outlook 2007 (WEO2007) stated, the 450 Stabilization Case demonstrates 
that quick deployment and future development of CCS is needed for a truly sustainable energy future. To achieve 
the objectives of the 450 Stabilization Case (lower case), China would also need to deploy CCS widely [5]. If CCS 
can be deployed on a large scale in China, it could reconcile continued coal burning with the need to cut emissions 
in the longer term (It is important to note that CCS doesn’t apply only to coal, any point source of CO2 can be 
equipped with CCS). 
3. Current CCS activities in China    
China sees CCS as a future option for greenhouse-gas emissions abatement and has made extensive efforts for 
its development [6, 7]. The CCS activities in China can be summarized as Fig.2.  
3.1. International cooperation  
 China is now engaged in many international initiatives that are focused on advanced coal and CCS technologies. 
Most of the CCS activities in China dovetail with the current activities of international initiatives and Carbon 
Sequestration Leadership Forum (CSLF) member countries. The following list includes some of the most prominent 
activities, but it is not meant to be exhaustive. Indeed, one of the objectives of a new activity would be to stimulate 
greater awareness among China’s many partners in different arenas pertaining to CCS, and to provide opportunities 
for enhanced coordination and cooperation among them. 
3.1.1.  CSLF  [8]
The CSLF (Carbon Sequestration Leadership Forum) is an international climate change initiative that is focused 
on development of improved cost-effective technologies for the separation and capture of CO2 for its transport and 
long-term safe storage. The purpose of the CSLF is to make these technologies broadly available internationally; 
and to identify and address wider issues relating to CCS.   
China was one of the initial members of CSLF, and the Chinese Ministry of Science and Technology (MOST) is 
engaging in the forum on behalf of China. 
3.1.2.  FutureGen Alliance [9]
China
Share Knowledge
UK (NZEC)  
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APEC(APP)
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US (FutureGen)  
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•National Media & Long 
Term S&T Planning (2005-
2020)
•Report to the 17th National 
Congress of the CPC
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Fig.2. CCS activities in China.
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FutureGen is a public-private partnership to build a first-of-its-kind coal-fueled, near-zero emissions power plant. 
The FutureGen Industrial Alliance, Inc, a non-profit consortium of some of the largest coal producers and users in 
the world, was formed to partner with the U.S. Department of Energy on the FutureGen project. The active role of 
industry in this project ensures that the public and private sector share the cost and risk of developing the advanced 
technologies necessary to commercialize the FutureGen concept.  
In 2005, the China Huaneng Group—China's largest coal-fueled power generator—joined FutureGen Alliance. 
The investment from Huaneng in FutureGen accounts for two percent of the total investment. However, Huaneng is 
in a position to share the technology and achievements of FutureGen as a shareholder.  
3.1.3.  COACH [10]
COACH (Cooperation Action with CCS China-EU) is a Sino-EU research project aimed at creating a strong and 
durable cooperation between China and Europe. Responding to the fast growing energy demand of China, COACH 
will prepare the ground for new energy technology options that employ CCS—including the use of CO2-EOR 
(Enhanced Oil Recovery) or CO2-ECBM (Enhanced Coal Bed Methane Recovery).   
COACH began on 1 November 2006 and had its kick-off event in China on 21-22 November 2006. It is funded, 
in part, under the EU's 6th Framework Program (FP6) for research, and has the following key objectives: (i) 
Enhancement of knowledge sharing and capacity building; (ii) Preparation of the implementation of large scale 
clean coal energy facilities by 2020; (iii) Addressing of the cross-cutting issues, eg. Legal, regulatory, funding and 
economic issues, and (iv) Coordination of activities performed under the EU-China Memorandum of Understanding 
(MoU) on NZEC (Near Zero Emissions Coal).  
3.1.4.  NZEC [11]
 NZEC (Near Zero Emissions Coal) is a joint venture initiative between the UK and China. It is designed to help 
build capacity for CCS in China. It is hoped NZEC will lead to a demonstration project starting up between 2010 
and 2015.  
COACH and NZEC are part of the EU-China Partnership on Climate Change. Chinese partners in both include 
Administrative Centre for China's Agenda 21 (ACCA21), Tsinghua University, Zhejiang University and GreenGen. 
3.1.5.  APP [12]
The Asia-Pacific Partnership on Clean Development and Climate (APP) is a voluntary partnership among seven 
major Asia-Pacific countries—Australia, Canada, China, India, Japan, Korea, and the United States—that have 
joined together to address increased energy needs and the associated issues of air pollution, energy security, and 
climate change. The partners intend to accelerate the development and deployment of cleaner, more efficient 
technologies to meet national pollution reduction, energy security and climate change concerns in ways that promote 
economic development and reduce poverty.  
China is co-chair with Australia of the Cleaner Fossil Energy Task Force, and co-chair with the USA of the 
Power Generation and Transmission Task Force.   
3.1.6.  GeoCapacity [13]
GeoCapacity, co-funded by the EU within FP6, will provide the storage capacity data required for the Europe 
wide adoption of CCS. It will also build a framework for international cooperation, especially with other CSLF 
countries (notably China, India and Russia), focusing on technology transfer facilitating the countries to undertake 
similar studies, as these countries perhaps face an even greater challenge to reduce CO2 emissions due to their 
rapidly growing energy demands. 
MOST has joined the GeoCapacity initiative as a full project partner. Under the supervision of MOST, Tsinghua 
University and Chinese Academy of Sciences participated into the GeoCapacity research project.   
3.2. Domestic activities
The domestic activities about CCS can be categorized in three “Key” ways: key guiding documents, key research 
programs, and key demo projects. 
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3.2.1. Key guiding documents  
National Medium- and Long-term Science & Technology Development Plan (2006-2020):  Formally 
establishes CCS as leading-edge technology [14].
Report to the 17th National Congress of the CPC: States that China should strengthen the capacity building on 
responding to climate change [15]. 
China’s National Climate Change Program: Sets the goal of strengthening the development and dissemination 
of advanced and suitable technologies, including CCS [16]. 
China’s Special Science & Technology Action in Response to Climate Change: Establishes the key task of 
RD&D on CO2 capture, utilization and storage technologies [17]. 
3.2.2. Key research programs 
Up to now, several Chinese academic institutes have done extensive research on CCS. EOR projects have been 
implemented in almost every oil field; ECBM project has been carried out in Qinshui, Shanxi Province [18, 19]. The 
two national level key programs are all involved with CCS:  
National Basic Research Program of China (“973” Program): Geologic Carbon Storage with Enhanced Oil 
Recovery (2006–2011). This project will carry out the basic research on geological, physical, and chemical 
problems of geologic carbon storage and EOR, non-linear flow mechanics problems of EOR, and carbon capture 
and anti-corrosion problems. The total research funding of this project is RMB 35 million. The objectives would be 
to enhance the oil recovery ratio by efficient use of CO2, to achieve tremendous economic benefits, and to mitigate 
the CO2 emissions [20]. 
National High-tech Research & Development Program of China (“863” Program):  Carbon Capture and 
Storage (2008–2010).  This project will focus on advanced technologies for the capture of CO2 from flue gases and 
carbon sequestration technologies in saline aquifers. The government and industry provided about RMB 20 million 
and RMB 10 million respectively for the project. The objectives are to develop carbon capture technologies and to 
explore carbon sequestration technologies [21]. 
3.2.3. Key demo projects 
GreenGen: GreenGen is a joint venture representing China’s largest electric utilities and coal companies. China 
Huaneng Group is managing partner. It is China’s centerpiece initiative to advance near-zero emissions coal-fueled 
generation with CCS. The project includes multiple phases between 2006 and 2020 for additional generation and 
capture. The total investment is about RMB 7 billion. The first phase of GreenGen will build a 250 MW IGCC plant. 
The later phase will have a 2h400 MW IGCC with CCS [22]. 
PCC Demo Project: The project is China’s first Post Combustion Capture (PCC) demonstration project. As one 
part of APP, the project is based on the agreement between the Australian government research organization 
Australian Commonwealth Scientific and Research Organization (CSIRO) and China's Thermal Power Research 
Institute (TPRI). TPRI is responsible for the installing, commissioning and operating of the PCC pilot plant at the 
Huaneng Beijing Thermal Power Plant, with all of its equipments domestically made. The project was put into 
operation on July 17, 2008, with a capability of recovering more than 85 percent of CO2 from flue gases and can 
thus trap 3,000 tonnes of the gas annually [23].  
4.  CCS challenges in China    
4.1. No clear vision for CCS development 
Lack of top level design: CCS will operate in new way in new market, which will pose a great challenge for 
existing institutions, policies, and management. Therefore, top level design is strategically important. Key questions 
must still be answered, such as: What are the respective roles of governments and other stakeholders? What kinds of 
fiscal and monetary policies should be adopted?  
No national CCS roadmap: Up to now, there is no short-term, medium-term, and long-term planning for the 
CCS development in China. The development of CCS lacks strategic guidelines. 
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4.2. Lack of public and stakeholder confidence 
CCS is unproven: Internationally, the technologies involved in CCS are well understood but have yet to be 
demonstrated together at commercial scale on power plants or any other point sources.  
CCS is expensive: CCS is a cost-intensive end-of-pipe technology. According to some experts, offsetting the 
current expense of constructing and operating power plants equipped with CCS would require a price signal in 
excess of $15–75 per tonne of CO2 avoided (whether through a cap-and-trade system, carbon tax, or other price 
signal mechanism) [24, 25]. These costs could be substantially higher for early CCS projects. 
Long-term leakage risk: While the science supports the view that CCS is safe, large scale demonstration 
projects in multiple basins is needed to understand issues posed by deploying the technology at large scale.  
Lack of assessments:  Thorough assessments still need to be conducted in China. What is the overall potential 
for the geological storage of CO2? What kinds of basins will be suitable for carbon sequestration? What might be the 
influence of CCS on national economic development? Could CCS enable China to have a smoother transition to a 
low carbon energy system without undermining economic and social development? 
5.  Immediate strategies for CCS development in China 
China itself is facing serious consequences from global warming. Currently, China prefers energy efficiency and 
renewables to CCS for understandable reasons. In the long-term, as a responsible big country, China will have 
increasing emission mitigation obligations for the future. In this way, CCS is particularly important for China. 
However, CCS is not currently at demonstration stage in China. To develop and take full advantage of this 
technology requires the creation of a commercial CCS industry, and more activities should be carried out as follows. 
Researching and establishing a policy and regulatory framework to enable commercial CCS 
demonstration and diffusion: China must provide a policy framework to support the development of not just one 
demonstration project, but a new CCS industry. Longer-term, persistent, and strong promotion policy is needed to 
demonstrate CCS at commercial scale. A regulatory framework should be created that would make it easier for CCS 
stakeholders to understand their liability, and to know what regulations should be observed. 
Depending on institutional and policy innovations: As stated above, CCS will operate in new way in new 
market, so institutional and policy innovations are particularly important for the development of CCS. Action should 
be centered on creating a government-led, market-oriented, business friendly environment.  
Researching and developing a roadmap for CCS in China: China must provide a comprehensive roadmap for 
the introduction of CCS. This will help China select the right route for developing a complete commercial CCS 
value chain. In general, the roadmap should be harmonious with the national strategy on climate change.  
Making new power plants capture ready: Without a strong signal that CCS will be required in the future, it is 
unlikely that companies will invest in CCS at scale. China should assess, whether, if not equipped with CCS, new 
coal- and gas-fired power plants built after 2010 are ready for later addition of CCS (capture ready). If this turns out 
not to be the case, the government should consider proposing legally reserving interface for CCS as soon as possible, 
after a proper impact assessment. In this way, all new power plants should be required to undertake a full economic, 
financial and technical review of CCS retrofitting as part of their permitting process. 
New coal plants built today must have strong CO2 retrofit capability. In practice, that means coal gasification will 
be the preferred technology for commercial coal power plants today. IGCC (Integrated Gasification Combined  
Cycle) with CCS is the most promising technology combination of coal power generation for CO2 zero emission, 
and IGCC has remarkable advantages over pulverized power plant in carbon capture [26]. According to the 
development phase of IGCC in China, it’s possible for China to make CCS mandatory in IGCC projects built after 
2020.  
New coal plants being built today are dominated by conventional technology. Post-combustion capture research 
and demonstration should continue and be encouraged, but until these demonstrations meet with success, the 
demanding timeframe and scale needs of CCS require building upon where the greatest success is likely. 
Strengthening public education and outreach: Medium-and-long term program and policy to enhance public 
awareness of climate change and CCS should be developed; a professional publicity and education network and a 
communication mechanism involving governments, media, enterprises and the public should be established; 
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Newspapers, television, radio and Internet should be used to disseminate scientific knowledge of climate change and 
CCS.
Strengthening international cooperation: The target of halving 1990 global GHG emissions by 2050 
announced at the 2008 G8 conference will never be met without global collaboration. Tackling carbon emission in 
developed countries is important, but is not enough to combat global climate change unless CCS is also deployed in 
developing economies, especially those which are strongly dependent on coal—notably China and India. China must 
deepen its cooperation on CCS and coal with all major consuming countries, including by gaining substantial 
funding for collaboration on research and commercial scale demonstration, and developing mechanisms for 
knowledge sharing with developed economies.  
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Appendix A.  
This appendix introduces the Extreme Scenario Approach stated in section 2.1, based on the results of an 
extensive effort to collect energy and economic data. Introductions and assumptions are as follows: 
1. All the data used in the analysis are given by referring the following literature as: (a) the Medium- and Long - 
term Program for Renewable Energy Development [27]; (b) World Energy Outlook 2007—China and India Insights; 
(c) Promotion of IGCC Technology in China for Power and Fuels Production [28]; (d) Business Week (October 16, 
2007): What Will China Look Like in 2035 [29]? (e) China Daily (May 3, 2008): GDP could be 2.5 times that of the 
US by 2030 [30].  
2. China’s economy and energy consumption are poised for rapid growth. China's GDP are assumed to maintain 
a similar growth rate of the past 25 years, at about 8 percent. The total installed capacity is projected to nearly triple 
by 2030, reaching 2000 GW, compared with 713 GW in 2007.  
3. In Table 1, (a) Coal (Maximum) is obtained by assuming all incremental electricity is satisfied by coal power 
plants, and the SCE Consumption for Power Generation is assumed to maintain unchanged from 2007 to 2030; (b) 
Coal (Minimum) is the lower limit, which has considered the maximum possible development of non-coal power 
generation and technology improvement; (c) Coal Consumption and CO2 Emission (negative value) of hydro, wind, 
nuclear, solar, biomass and natural gas power are also obtained by maintaining unchanged SCE Consumption for 
Power Generation; (d) Technology Improvement is depicted by the reduction of SCE Consumption for Power 
Generation from 334 gce/kWh in 2007 to 290 gce/kWh in 2030; (e) Rounding may cause some differences between 
Table 1 and  Figure 1. 
Table 1 Key data of the Extreme Scenario Analysis of Chinese power sector in 2030.
Maximum 
Capacity (GW) 
Maximum Electricity 
(TW·h) 
Coal Consumption 
(Mt) 
CO2 Emission 
(Mt) 
Coal (Maximum) 2000 9555 3006 8176 
Hydro  Power 400 1400 -468 -1244
Wind Power 200 500 -167 -450
Nuclear Power 160 1120 -374 -1017
Solar Power 50 100 -33 -79
Biomass Power 40 200 -67 -122
Natural Gas Power 60 240 -80 -110
Technology 
Improvement N/A N/A -420 -1144 
Coal (Minimum) 1090 5995 1397 4010
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